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Description 

Technical Field 

5 [0001] The present invention relates to a novel polyisobutylene-polyolefin copolymer prepared by (living) cationic 
polymerization of monomers mainly comprising isobutylene in the presence of a vinylidene-terminated polyolefin mac- 
romonomer, and a process for producing the same. 

Background Art 

10 

[0002] A process for efficiently synthesizing a polyisobutylene-graft-polyolefin and a polyisobutylene-block-polyolefin 
has not yet been established. 

[0003] A conceivable general process for synthesizing the graft copolymer includes melt-graft reaction between a 
polyolefin, e.g., polypropylene, and polyisobutylene (PIB), butyl rubber (IIR), halogenated butyl rubber (XIIR), or the 

15 like. However, the graft efficiency is not high due to interfacial reaction. 

[0004] As a process for synthesizing the block copolymer, direct block copolymerization using a Ziegler-Natta catalyst 
has been reported in Plast. Massy (1970), 3, pp. 11-13, in which the content of isobutylene is limited to a level of as 
low as 4 to 4.8%. Also, direct block polymerization using ethylene (not using propylene in any example) and isobutylene 
in the presence of a metallocene catalyst has been reported in PCT Japanese Translation Patent Publication No. 

20 10-504048, in which a mixture of a homopolymer and block copolymer exists, and thus the block efficiency is not so 
high. Furthermore, polypropylene-graft-polyisobutylene can be efficiently produced by coordination polymerization of 
propylene in the presence of a polyisobutylene macromonomer (Japanese Patent Application No. 2002-176998, and 
Japanese Unexamined Patent Application Publication Nos. 10-316711 and 49-30462), but polyisobutylene-graft-poly- 
propylene cannot be obtained. 

25 i 

Disclosure of Invention 

[0005] An object of the present invention is to provide a process for efficiently synthesizing a polyisobutylene-graft- 
polyolefin and/or a polyisobutylene-block-polyolefln. Another object of the present invention is to provide a composition 

30 including the copolymer and a process for producing the copolymer. 

[0006] As a result of intensive research for achieving the objects of the present invention, the present inventors 
completed the invention. The present invention relates to a polyisobutylene-polyolefin copolymer produced by cationic 
polymerization in the presence of a vinylidene-terminated polyolefin macromonomer to produce a polymer segment 
mainly composed of isobutylene. 

35 [0007] In a preferred embodiment, the polyisobutylene-polyolefin copolymer is characterized in that the cationic po- 
lymerization is living cationic polymerization. 

[0008] In a more preferred embodiment, the polyisobutylene-polyolefin copolymer is characterized in that the vinyli- 
dene-terminated polyolefin macromonomer is a vinylidene-terminated polypropylene macromonomer. 
[0009] The present invention also relates to a composition containing a polyisobutylene-polyolefin copolymer and a 
40 polyolefin resin. 

[0010] In a preferred embodiment, the composition is characterized in that the polyolefin resin is either polypropylene 
or a propylene random copolymer. 

[0011] The present invention further relates to a process for producing a polyisobutylene-polyolefin copolymer. 

45 Best Mode for Carrying Out the Invention 

[0012] The present invention will be described in detail below. The present invention relates to a novel polyisobuty- 
lene-polyolefin copolymer produced by (living) cationic polymerization of monomers mainly comprising isobutylene in 
the presence of a vinylidene-terminated polyolefin macromonomer. More specifically, the present invention relates to 
50 a polyisobutylene-graft-polyolefin copolymer and/or a polyisobutylene-block-polyolefin copolymer. 

(Vinylidene-terminated polyolefin macromonomer) 

[0013] The vinylidene-terminated polyolefin macromonomer of the present invention may be produced by a method 
55 according to Japanese Unexamined Patent Application Publication No. 58-19309, J. Am. Chem. Soc. (1984), 106, 
6355-6364, US 4,668,834, Macromolecules (1988), 21, 617-622, Polymer (1989), 30(3), 428-431, J. Am. Chem. Soc. 
(1992), 114, 1025-1032, and Journal of Polymer Science and Technology (Kobunshi Ronbunshu) (1992), 49, 847-854. 
However, the method is not limited to this. The method can relatively efficiently produce the vinylidene-terminated 
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polyolefin macromonomer. 

[0014] In the present invention, the term "vinylidene terminal" means a group represented by formula (1 ): 

5 CH 2 =CR- (1) 

(wherein R represents a hydrogen atom or a hydrocarbon group). In particular, R is preferably a methyl group from the 
viewpoint of high reactivity to cation. 

[001 5] As a catalyst, a metallocene catalyst, for example, zirconocene dichloride, zirconocene dimethyl, hafnocene 
10 dichloride, hafnocene dimethyl, titanocene dichloride, titanocene dimethyl, or the like can be used. When propylene is 
used as a monomer, amorphous polypropylene is produced. Although a cyclopentadienyl ring may have a substituent 
or a crosslinked structure, crystalline polypropylene is produced depending on the substituent or the crosslinked struc- 
ture of the cyclopentadienyl ring. In the present invention, amorphous polypropylene is particularly preferred from the 
viewpoint that it is dissolved in a solvent in (living) cationic polymerization and thus easily causes efficient reaction with 
15 cation. 

[0016] A co-catalyst is not particularly limited as long as it exhibits high activity, and alkylaluminoxane such as meth- 
ylaluminoxane or the like is generally used. Other examples of the co-catalyst include boron compounds such as 
perfluorotriphenylborane and perfluorotetraphenyl borate; superhighly reactive alkylaluminoxane (International Sym- 
posium on Future Technology for Polyolefin and Olefin Polymerization Catalysis at Tokyo Institute of Technology, 
20 2001/3/21-24, OP-54); clay minerals (US 5,308,811); and magnesium chloride (Japanese Unexamined Patent Appli- 
cation Publication No. 6-1724). 

[0017] When alkylaluminoxane is used as the co-catalyst, the ratio of aluminum to the metal of the catalyst is pref- 
erably 10 to 2,000 and more preferably 20 to 1,000. When a boron compound is used as the co-catalyst, the molar 
ratio of catalyst/boron compound is 1/0.1 to 1/10, preferably 1/0.5 to 1/2, and more preferably 1/0.75 to 1/1.25. 
25 [0018] Also, alkyl aluminum such as trioctyl aluminum, triisobutyl aluminum, or trimethyl aluminum may be present 
as a scavenger (scavenger for water and impurities). Namely, the amounts of water and impurities contained in a 
system and a solvent are preferably as small as possible for polymerization activity. Similarly, an inert gas such as dry 
nitrogen or dry argon is preferably used as a polymerization atmosphere. 

[0019] As the solvent, an aliphatic or aromatic solvent is preferred, and it may be halogenated. Examples of the 
30 solvent include toluene, ethylbenzene, chlorobenzene, hexane, heptane, cyclohexane, methylcyclohexane, butyl chlo- 
ride, and methylene chloride. These solvents may be used in a mixture. A monomer such as propylene or the like may 
be used as the solvent. 

[0020] The polymerization temperature is preferably -20°C to 100°C and more preferably 0°C to 50°C from the 
viewpoint that vinylidene terminal groups are easily produced, and a polyolefin having a proper molecular weight can 
35 be obtained. 

[0021 ] At a low temperature, p-elimination causing vinylidene terminal groups tends to little occur, and polymerization 
activity tends to decrease, while at a high temperature, P-elimination tends to often occur to decrease the degree of 
polymerization. The number-average molecular weight is preferably 1 ,000 to 1 00,000, more preferably 2,000 to 50,000, 
and most preferably 3,000 to 30,000. 
40 [0022] A pressure from normal pressure to 10 MPa is preferred because the system can be easily handled. The 
polymerization time is generally 30 minutes to 100 hours and preferably 1 hour to 24 hours. 

[0023] Although the amount of the olefin monomer used is not limited, the molar ratio of monomer/active species 
(the catalyst or the co-catalyst which is smaller in amount) is preferably 10 to 109, more preferably 100 to 107, and 
most preferably 1 000 to 1 05. When the molar ratio is excessively low, only a polymer with a low degree of polymerization 
45 can be obtained, while when the molar ratio is excessively high, the polymer yield based on the monomer tends to 
decrease. 

[0024] The olefin monomer is not particularly limited, but propylene can be mainly used and also can be used alone. 
However, another monomer copolymerizable with propylene can be combined. Examples of the monomer copolym- 
erizable with propylene include, without limitation to, olefins having 2 to 20 carbon atoms, such as ethylene, 1-butene, 

50 1 -hexene, 1 -octene, 1 -decene, 1 -hexadecene, 1 -eicosene, 4-methyl-1 -pentene, 3-methyl-1 -butene, vinylcyclohexane, 
cyclopentene, cyclohexene, cyclooctene, and norbornene; dienes such as 1,3-butadiene, isoprene, 1 ,5-cyclooctadi- 
ene, norbomadiene, 5-vinyl-2-norbornene, 5-phenyl-2-norbornene, dimethanooctahydronaphthalene, ethylidene nor- 
bornene, dicyclopentadiene, and 1 ,4-hexadiene. The amount of the monomer copolymerizable with propylene is not 
particularly limited, but the amount is preferably 50% by weight or less and more preferably 25% by weight or less from 

55 the viewpoint that in formula (1 ), R is preferably Me. In particular, by using a polyolefin macromonomer copolymerized 
with ethylene or unconjugated diene, the resultant graft and/or block copolymer has increased radical crosslinking and 
radical reactivity, and a product of radical crosslinking with a peroxide or the like and a product of modification with a 
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polar vinyl monomer (maleic anhydride, glycidyl methacrylate, methyl methacrylate, butyl methacrylate, or the like) can 
be easily produced. The thus-modified product is imparted with a property such as reactivity, adhesiveness, paintability, 
or the like. 

[0025] The vinylidene-terminated polypropylene macromonomer can be also produced by thermal decomposition of 
5 polypropylene according to "Functional Material (Kinozairyo)" (1997), 17(10), 5-12; Macromolecules (1995), 28(24), 
7973-7978; and Polym. Prepr. (Am. Chem. Soc, Div. Polym. Chem.) (1979)20, 924. In this method, the propylene 
macromonomer mainly has vinylidene groups at its both ends. 

(Polymer segment mainly comprising isobutylene) 

10 

[0026] Monomers mainly comprising isobutylene undergo cationic polymerization in the presence of the vinylidene- 
terminated polyolefin macromonomer, and preferably living cationic polymerization. The living cationic polymerization 
may be performed by, for example, the method according to Japanese Unexamined Patent Application Publication No. 
11-293083. However, the method is not limited to this. This method can relatively efficiently produce a polyisobutylene 
15 polyolefin copolymer. 

[0027] When the vinylidene-terminated polyolefin macromonomer is added after the cationic polymerization of the 
monomers mainly comprising isobutylene has been substantially finished, a block copolymer is substantially obtained. 
When the vinylidene-terminated polyolefin macromonomer is added before the start of the cationic polymerization of 
the monomers mainly comprising isobutylene or during the polymerization, a graft and/or block copolymer is obtained. 

20 [0028] A polymer block mainly composed of isobutylene may be produced using isobutylene alone or isobutylene 
and another monomer as long as the content of isobutylene is 60% by weight or more. The other monomer is not 
particularly limited as long as it permits cationic polymerization. Examples of the other monomer include aromatic vinyl 
monomers, vinyl ethers, silanes, vinylcarbazole, p-pinene, acenaphthylene, aliphatic olefins, and dienes. These mon- 
omers can be used alone or in combination. 

25 [0029] Examples of the aromatic vinyl monomers include styrene, o-, m-, or p-methylstyrene, a-methylstyrene, p- 
methylstyrene, 2,6-dimethylstyrene, 2,4-dimethylstyrene, a-methyl-o-methyl styrene, a-methyl-m-methylstyrene, a- 
methyl-p-methylstyrene, p-methyl-o-methyl styrene, p-methyl-m-methylstyrene, p-methyl-p-methylstyrene, 2,4,6-tri- 
methylstyrene, a-methyl-2,6-dimethylstyrene, a-methyl-2,4-dimethylstyrene, p-methyl-2,6-dimethylstyrene, p-methyl- 
2,4-dimethyl styrene, o-, m-, or p-chlorostyrene, 2,6-dichlorostyrene, 2,4-dichlorostyrene, a-chloro-o-chlorostyrene, a- 

30 chloro-m-chlorostyrene, a-chloro-p-chlorostyrene, p-chloro-o-chlorostyrene, p-chloro-m-chlorostyrene, p-chloro-p- 
chlorostyrene, 2,4,6-trichlorostyrene, a-chloro-2,6-dichlorostyrene, a-chloro-2,4-dichlorostyrene, p-chloro-2,6-dichlo- 
rostyrene, p-chloro-2,4-dichlorostyrene, o-, m-, or p-tert-butylstyrene, o-, m-, or p-methoxystyrene, o-, m-, or p-chlo- 
romethylstyrene, o-, m-, or p-bromomethylstyrene, silyl-substituted styrene derivatives, indene, and vihylnaphthalene. 
[0030] Preferably, at least one aromatic vinyl monomer is selected from the group consisting of styrene, a-methyl- 

35 styrene, p-methylstyrene, and indene, and styrene or a-methylstyrene, or a mixture thereof is particularly preferred 
from the viewpoint of cost. In particular, the aromatic vinyl monomer is preferably used for controlling a refractive index. 
[0031] Examples of vinyl ether monomers include methyl vinyl ether, ethyl vinyl ether, (n- or iso)propyl vinyl ether, 
(n-, sec-, tert-, or iso)butyl vinyl ether, methyl propenyl ether, and ethyl propenyl ether. 

[0032] Examples of silane monomers include vinyltrichlorosilane, vinylmethyldichlorosilane, vinyldimethylchlorosi- 
40 lane, vinyldimethylmethoxysilane, vinyltri methyl si lane, divinyldichlorosilane, divinyldimethoxysilane, divinyldimethylsi- 
lane, 1,3-divinyl-1 ,1,3,3-tetramethyldisiloxane, trivinylmethylsilane, y-methacryloyloxypropyltrimethoxysilane, and y- 
methacryloyloxypropylmethyldimethoxysilane. 

[0033] Also, the number-average molecular weight of the polyisobutylene-polyolefin copolymer is not particularly 
limited, but the number-average molecular weight is preferably 20,000 to 500,000 and more preferably 50,000 to 
45 300,000 in view of flowability, processability, physical properties, etc. 

[0034] Furthermore, the living cationic polymerization, i.e., the process for producing the polyisobutylene-polyolefin 
copolymer, is not particularly limited, but the copolymer can be obtained by polymerizing monomers mainly comprising 
isobutylene in the presence of a compound represented by formula (2). 

50 

(CR1R2X)nR3 (2) 

(wherein X represents a halogen atom or a substituent selected from alkoxy and acyloxy groups having 1 to 6 carbon 
atoms, R1 and R2 each represent a hydrogen atom or a monovalent hydrocarbon group having 1 to 6 carbon atoms 
55 and may be the same or different, R3 represents a polyvalent aromatic hydrocarbon group or a polyvalent aliphatic 
hydrocarbon group, and n represents a natural number of 1 to 6). 

[0035] The compound represented by formula (2) functions as an initiator and produces carbocations in the presence 
of a Lewis acid or the like, the cations functioning as a starting point of cationic polymerization. Examples of the com- 
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pound represented by formula (2) and used in the present invention include the following: 

(1 -chloro-1 -methylethyl) benzene [C 6 H 5 C(CH 3 ) 2 CI] , 1 ,4-bis(1 -chloro-1 -methylethyl)benzene [1 ,4-CI 
(CH 3 ) 2 CC 6 H 4 C(CH3) 2 CI], 1, 3-bis (1 -chloro-1 -methylethyl) benzene [1,3-CI(CH 3 ) 2 CC 6 H 4 C(CH 3 )2CI], 1,3,5-tris 
5 (1-chloro-1-methylethyl)benzene [1,3,5-(CIC(CH 3 ) 2 ) 3 C 6 H 3 ], and 1,3-bis(1 -chloro-1 -methylethyl )-5-(tert-butyl)ben- 

zene [1 ,3(C(CH 3 ) 2 CI) 2 -5-(C(CH 3 ) 3 )C 6 H 3 ]. 

[0036] Among these compounds, bis(1 -chloro-1 -methylethyl )benzene [C 6 H 4 (C(CH 3 ) 2 CI) 2 ] and tris(1 -chloro-1 -meth- 
ylethyl) benzene [(CIC(CH 3 ) 2 ) 3 C 6 H 3 ] are particularly preferred (bis(1 -chloro-1 -methylethyl)benzene is also named bis 

10 (a-chloroisopropyl)benzene, bis(2-chloro-2-propyl)benzene, or dicumyl chloride, and tris(1 -chloro-1 -methylethyl )ben- 
zene is also named tris(cc-chloroisopropyl)benzene, tris(2-chloro-2-propyl)benzene, or tricumyl chloride). 
[0037] In addition, a Lewis acid can be allowed to coexist. As the Lewis acid, any one which can be used for cationic 
polymerization may be used. Preferred examples of the Lewis acid include metal halides such as TiCI 4 , TiBr 4 , BCI 3 , 
BF 3 , BF 3 OEt 2 , SnCI 4 , SbCI 5 , SbF 5 , WCI 6 , TaCI 5 , VCI 5 , FeCI 3 , ZnBr 2 , AICI 3 , and AIBr 3 ; and organic metal halides such 

15 as Et 2 AICI and EtAICI 2 . 

[0038] In particular, TiCI 4 , BCI 3 , and SnCI 4 are preferred in view of catalytic ability and industrially easy availability. 
The amount of the Lewis acid used is not particularly limited, but the amount can be determined in consideration of 
the polymerizability and polymerization concentration of the monomer used. The amount can be generally determined 
to 0.1 to 200 molar equivalents and preferably 1 to 100 molar equivalents relative to the amount of the compound 

20 represented by formula (2). 

[0039] Furthermore, if required, an electron donor component can be allowed to coexist. The electron donor com- 
ponent possibly has the effect of stabilizing grown carbocations and/or the effect of trapping protons in the system 
during cationic polymerization, and thus a polymer with a narrow molecular weight distribution and a controlled structure 
can be produced by adding the electron donor. Usable examples of the electron donor component include, but not 

25 limited to, pyridines such as ct-picoline and di-tert-butylpyridine; amines such as triethylamine; amides such as dimeth- 
ylacetamide; sulfoxides such as dimethylsulfoxide; esters; phosphorus compounds; and metallic compounds each 
containing an oxygen atom bonded to a metal atom, such as tetraisopropoxytitanium. 

[0040] The polymerization can be performed in an organic solvent according to demand, and any solvent can be 
used as the organic solvent without any limitation as long as the polymerization is not basically inhibited. Examples of 

30 the organic solvent include halogenated hydrocarbons such as methyl chloride, dichloromethane, chloroform, ethyl 
chloride, dichloroethane, n-propyl chloride, n-butyl chloride, and chlorobenzene; aromatic hydrocarbons such as ben- 
zene, toluene, xylene, ethylbenzene, propylbenzene, and butylbenzene; straight aliphatic hydrocarbons such as 
ethane, propane, butane, pentane, hexane, heptane, octane, nonane, and decane; branched aliphatic hydrocarbons 
such as 2-m ethyl propane, 2-methylbutane, 2,3,3-trimethylpentane, and 2,2,5-trimethylhexane; alicyclic hydrocarbons 

35 such as cyclohexane, methylcyclohexane, and ethylcyclohexane; and paraffin oils produced by hydrogenation refining 
of petroleum fractions. 

[0041] These solvents can be used alone or in combination in view of a balance between polymerizability, solubility 
of the produced polymer, and the like. 

[0042] The amount of the solvent used is determined so that the polymer content is 1 to 50% by weight and preferably 
<o 5 to 35% by weight in view of the viscosity of the resultant polymer solution and easy removal of heat. 

[0043] In actual polymerization, the components are mixed under cooling, for example, at a temperature of -100°C 
to 0°C. In order to balance the energy cost and polymerization stability, the temperature is preferably in a range of 
-80°C to -30°C. 

[0044] In the present invention, the ratio of the polyolefin macromonomer chemically bonded (introduced) in the 
45 polyisobutylene-polyolefin copolymer is not particularly limited, and can be arbitrarily selected. However, the ratio is 1 
to 90% by weight and preferably 10 to 60% by weight relative to 100% by weight of the copolymer. 
[0045] The number of the polyolefin macromonomers contained per molecule of the polyisobutylene-polyolefin co- 
polymer of the present invention is 0.1 to 50 and preferably 1 to 20. 

[0046] In some cases, the polyisobutylene-polyolefin copolymer contains unconverted polyolefin macromonomers 
50 and polyisobutylene free polymer based on the total weight. However, the copolymer preferably contains substantially 
neither unconverted macromonomer nor free polymer. This can be achieved by controlling various polymerization 
conditions. 

(Polyolefin resin) 

55 

[0047] The polyisobutylene-polyolefin copolymer of the present invention can be also used as a composition con- 
taining a polyolefin resin. Usable examples of the polyolefin resin include ct-olefin homopolymers, random copolymers, 
and block copolymers, and mixtures thereof; random copolymers, block copolymers, and graft copolymers of a-olefins 
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and other unsaturated monomers; and modified polymers produced by halogenating, oxidizing, or sulfonating these 
copolymers. These resins can be used alone or in combination. 

[0048] Specific examples of the polyolefin resin include polyethylene resins such as polyethylene, ethylene-propyl- 
ene copolymers, ethylene-propylene-unconjugated diene copolymers, ethylene-butene copolymers, ethylene-hexene 

5 copolymers, ethylene-octene copolymers, ethylene-vinyl acetate copolymers, ethylene-vinyl alcohol copolymers, eth- 
ylene-methyl methacrylate copolymers, ethylene-ethyl acrylate copolymers, and chlorinated polyethylene; polypropyl- 
ene resins such as polypropylene, propylene-ethylene random copolymers, propylene-butylene random copolymers, 
propylene-hexene random copolymers, propylene-octene random copolymers, propylene-ethylene block copolymers, 
chlorinated polypropylene; polybutene; polyisobutylene; butyl rubber; halogenated butyl rubber; polym ethyl pentene; 

10 and (co)polymers of cyclic olefins. Among these resins, the polyethylene resins and polypropylene resins, particularly 
polypropylene and propylene random copolymers (random polypropylene), can be preferably used from the viewpoint 
of cost and a balance between the physical properties of thermoplastic resins, as described below. 
[0049] The compounding amount of the polyolefin resin is 5 to 2000 parts by weight, preferably 30 to 1000 parts by 
weight, and more preferably 20 to 500 parts by weight, relative to 100 parts by weight of the polyisobutylene-polyolefin 

15 copolymer. With a compounding amount of less than 5 parts by weight, the mechanical strength and moldability of the 
resultant thermoplastic resin composition degrade, while with a compounding amount of over 2000 parts by weight, 
the rubber-like feel of the resultant thermoplastic resin composition degrades. 

(Other compounding agent) 

20 r 

[0050] In view of improvement in physical properties or economical advantage, a softening agent and a filler can be 
mixed with the resin composition of the present invention. 

[0051] Examples of the softening agent include mineral oil-type, vegetable oil-type, and synthetic softening agents 
for various rubbers or resins. Specific examples of the mineral oil-type agents include naphthenic and parafflnic process 

25 oils. Specific examples of the vegetable oil-type agents include castor oil, cottonseed oil, linseed oil, rapeseed oil, 
soybean oil, palm oil, coconut oil, peanut oil, Japan wax, pine oil, and olive oil. Specific examples of the synthetic 
agents include polybutene and low-molecular-weight polybutadiene. Among these agents, parafflnic process oil and 
polybutene are preferably used from the viewpoint of compatibility or a balance between the physical properties. The 
softening agents can be used in combination of two or more for obtaining desired viscosity and physical properties. 

30 [0052] The compounding amount of the softening agent is 5 to 1000 parts by weight, preferably 10 to 500 parts by 
weight, and more preferably 20 to 300 parts by weight relative to 100 parts by weight of the polyisobutylene-polyolefin 
copolymer. With a compounding amount of less than 5 parts by weight, the rubber-like feel of the resultant thermoplastic 
resin composition degrades, while with a compounding amount of over 1000 parts by weight, bleedout of the softening 
agent tends to occur. 

35 [0053] Preferred examples of the filler include scale-like inorganic fillers such as clay, diatomite, silica, talc, barium 
sulfate, calcium carbonate, magnesium carbonate, metal oxides, mica, graphite, and aluminum hydroxide; granular or 
powdery solid fillers such as various metal powders, wood chips, glass powder, ceramic powder, carbon black, and 
granular or powdery polymers; and other various natural or artificial short fibers and long fibers. When a hollow filler, 
e.g., an inorganic hollow filler such as glass balloon or silica balloon, or an organic hollow filler comprising polyvinylidene 

40 fluoride or polyvinylidene fluoride copolymer, is compounded, reduction in weight can be achieved. In order to further 
decrease the weight and improve various physical properties such as impact absorption, any one of various foaming 
agents can be mixed, or a gas can be mechanically mixed during mixing or the like. 

[0054] The thermoplastic resin composition of the present invention can also be mixed with an antioxidant and/or 
an ultraviolet absorber according to demand. Furthermore, other additives such as a flame retardant, an antimicrobial 
45 agent, a light stabilizer, a colorant, a flowability improver, a lubricant, a anti-blocking agent, an antistatic agent, a 
crosslinking agent, and a crosslinking auxiliary can also be added. These additives can be used alone or in combination 
or two or more. In addition, any of various thermoplastic resins, thermosetting resins, and thermoplastic elastomers 
can be mixed within a range which does not degrade the performance of the thermoplastic resin composition of the 
present invention. 

50 [0055] The composition including the polyisobutylene-polyolefin copolymer (generally transparent product) and the 
polyolefin resin of the present invention, particularly the polypropylene or the propylene random copolymer composition, 
is transparent (low turbidity) and soft or high in impact resistance, and has gas barrier properties. The polypropylene 
or the propylene random copolymer may be either amorphous or crystalline, but it is preferably crystalline from the 
viewpoint of easy molding. The polyisobutylene-polyolefin copolymer may contain an unconverted polyolefin macrom- 

55 onomer or polyisobutylene free polymer. The composition may contain isobutylene rubber such as polyisobutylene 
(PIB), isobutylene-isoprene rubber (MR), or halogenated NR. In this case, the copolymer functions as a compatibilizer 
and produces a composition which is relatively transparent and soft or high in impact resistance, and has a gas barrier 
property. These materials are preferably added by a general melt-kneading process. In particular, when the crystalline 
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polypropylene or propylene random copolymer is added, a nucleating agent for polypropylene resins (for example, 
sorbitol nucleating agent; Gelol MD and Gelol DH manufactured by New Japan Chemical Co., Ltd., and Millad 3940 
and Millad 3988 manufactured by MHIiken Company, phosphate nucleating agent; Adekastab NA-11 and Adekastab 
NA-21 manufactured by Asahi Denka Co., LTD.) can also be added to obtain a composition which is higher transparent 

5 and softer or higher in impact resistance, and has higher gas barrier properties. 

[0056] The manufacturing process including the addition method and the kneading method for the thermoplastic 
resin composition of the present invention is not particularly limited, and any known method can be used. For example, 
the above-described components and, if required, the additive components, can be melt-kneaded with a heating knead- 
er, for example, a single-screw extruder, a double-screw extruder, a roller, a Banbary mixer, a Bra bender mixer, a 

10 kneader, a high-shear mixer, or the like. The kneading order of the components is not particularly limited and can be 
determined according to the apparatus used, workability, or the physical properties of the resultant thermoplastic resin 
composition. 

Examples 

15 

[0057] The present invention will be described in further detail below with reference to examples. The present in- 
vention is not limited to these examples, and modifications can be appropriately made within the scope of the gist of 
the invention. 

[0058] In the present invention, turbidity was measured by an integrating-sphere photoelectric photometry (JIS K 
20 7105) using Model NDH-300A manufactured by Nippon Denshoku Co., Ltd. The turbidity is also referred to as "haze 
value" and defined as an optical property that light is scattered and absorbed by a sample without passing therethrough. 
Also, hardness was measured using a press sheet (6 mm in thickness) as a specimen according to JIS K 6253. 

(Production Example 1 ) (Vinyli dene-terminated polypropylene macromonomer) 

25 

[0059] In a 100-mL nitrogen-purged autoclave, 33.7 mL of dehydrated toluene, 3.3 mmol (in terms of Al) of methyl- 
aluminoxane (MAO: manufactured by Tosoh Fine Chem Co., PMAO-L), and 6.7 u,mol of zirconocene dichloride 
(Cp 2 ZrCI 2 : manufactured by Aldrich Company) were charged, and the resultant mixture was cooled with a dry ice/ 
methanol bath. The pressure in the system was slightly decreased, and 446 mmol of propylene was introduced. After 
30 polymerization at 0°C for 6 hours in an ice bath, the polymerization solution was poured into 500 mL of a methanol 
solution of hydrochloric acid, and the precipitate was recovered. 

[0060] The yield was 11 .6 g, and the yield percentage was 62.0%. According to GPC (chloroform, 40°C, in terms of 
PS), the number-average molecular weight (Mn) was 8,430, and the molecular weight distribution (Mw/Mn) was 1 .61 . 
In 1H-NMR (300 MHz, deuterochloroform), a vinylidene proton peak was observed near 4.7 ppm. 

35 

(Production Examples 2 to 7) 

[0061] A vinylidene-terminated polypropylene macromonomer was synthesized by the same procedures as in Pro- 
duction Example 1. The synthetic conditions are shown in Table 1 together with those in Production Example 1. The 
40 results are shown in Table 2. 



Table 1 



45 




Cp 2 MtCI 2 
(|imol) 


MAO (mmol) 
(Al) 


Toluene (mL) 


Propylene 
(mmol) 


Polymerization 
temperature 
(°C) 


Polymerization 
time (hr) 




Production 


6.7(Zr) 


3.3 


33.7 


446 


0 


6 




Example 1 
















Production 


6.7(Zr) 


3.3 


33.7 


446 


0 


8 


50 


Example 2 
















Production 


6.7(Zr) 


3.3 


33.7 


357 


0 


7 




Example 3 
















Production 


20(Hf) 


10 


84 


1070 


room 


6 




Example 4 










temperature 




55 


Production 


20(Hf) 


10 


84 


1070 


room 


6 




Example 5 










temperature 





7 
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Table 1 (continued) 





Cp 2 MtCI 2 


MAO (mmol) 


Toluene (mL) 


Propylene 


Polymerization 


Polymerization 




(jimol) 


(Al) 




(mmol) 


temperature 


time (hr) 












<°C) 




Production 


20(Zr) 


10 


84 


1070 


0 


6 


Example 6 














Production 


20(Zr) 


10 


84 


1070 


0 


6 


Example 7 















Table 2 





Yield (g) 


Mn 


Mw/Mn 


Production Example 1 


11.6 


8430 


1.61 


Production Example 2 


11.6 


6020 


1.97 


Production Example 3 


9.35 


7550 


1.48 


Production Example 4 


23.0 


30300 


1.59 


Production Example 5 


30.6 


24100 


1.80 


Production Example 6 


20.0 


4550 


1.40 


Production Example 7 


20.4 


4760 


1.44 



(Example 1 ) (Polyisobutylene-polypropylene copolymer) 

[0062] In a 500-mL nitrogen-purged separable flask, 1 87.3 mL of dehydrated butyl chloride and 20.8 mL of dehy- 
drated hexane were charged, and the resultant mixture was cooled to -73°C with a dry ice/methanol bath. Then, 688 
mmol of isobutylene (IB: manufactured by Kuraray Co., Ltd.) was introduced, and 0.84 mmol of p-dicumyl chloride (p- 
DiCumCI), 1.51 mmol of ot-picoline (ot-Py: manufactured by Wako Pure Chemical Industries, Ltd.), and 5.46 mmol of 
titanium tetrachloride (TiCI 4 : manufactured by Wako Pure Chemical Industries, Ltd.) were added to the mixture, followed 
by polymerization for 85 minutes. Then, 10.8 g of the vinyli dene-terminated polypropylene macromonomer (v-PP) 
synthesized in Production Example 1, a solution of 28.1 mL of dehydrated butyl chloride, 3.12 mL of dehydrated hexane, 
and 0.227 mmol a-picoline were added dropwise to the mixture, followed by reaction for 4 hours. A small amount of 
methanol was added to the reaction solution to deactivate the system, and then the system was washed with water 
three times. Then, the solvent was distilled off to obtain a polymer. 

[0063] The yield was 44.4 g, and the yield percentage was 89.8%. According to GPC (chloroform, 40°C, in terms of 
PS), the number-average molecular weight (Mn) was 55,300, and the molecular weight distribution (Mw/Mn) was 1.20. 

(Examples 2 to 8) 

[0064] A polyisobutylene-polypropylene copolymer was synthesized by the same procedures as in Example 1 . The 
synthetic conditions are shown in Table 3 together with those in Example 1. The results are shown in Table 4. 



8 
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Table 4 



10 





Yield (g) 


Mn 


Mw/Mn 


Example 1 


44.4 


55300 


1.20 


Example 2 


50.0 


51300 


1.17 


Example 3 


40.4 


102000 


1.18 


Example 4 


55.0 


124000 


1.16 


Example 5 


53.6 


120000 


1.27 


Example 6 


53.5 


78900 


1.39 


Example 7 


52.0 


86000 


1.51 


Example 8 


51.4 


92000 


1.49 



15 



(Examples 9 and 1 0) (Composition) 



20 



25 



[0065] In a 30-ml Plastomill (manufactured by Toyo Seiki Co. Ltd.), 20 g of random polypropylene (manufactured by 
Grand Polymer Co., J226EA, Ml 20) and each of 3g and 6g of the polyisobutylene-polypropylene copolymer synthesized 
in Example 1 were charged, and the resultant mixture was kneaded at 200°C and 100 rpm for 10 minutes. Then, a 
press sheet was formed using a spacer having a 1 mm of thickness according to a general method (conditions: 200°C 
with no pressure for 10 minutes, 200°C and 1 kgf/m 2 for 10 minutes, 200°C and 50 kgf/m 2 for 10 minutes, and then 
room temperature and 50 kgf/m 2 for 5 minutes). 

[0066] The turbidities (haze) of the press sheets were 32% and 33%, respectively, and the hardnesses (Shore D, 
1 5s) were 48 and 42, respectively. The results are summarized in Table 5. These sheets had low haze and low hardness 
and were thus superior to those in comparative examples which will be described below. 



(Examples 11 to 19) 



30 



35 



40 



45 



[0067] A composition was prepared by the same procedures as in Examples 9 and 10. The conditions and results 
are shown in Table 5. 

Table 5 





Composition (g/g) 


Hz (%) 


Hardness 


Example 9 


Random polypropylene/copolymer of Example 1 (20/3) 


32 


48 


Example 10 


Random polypropylene/copolymer of Example 1 (20/6) 


33 


42 


Example 11 


Random polypropylene/copolymer of Example 2 (20/3) 


36 


44 


Example 12 


Random polypropylene/copolymer of Example 2 (20/6) 


34 


46 


Example 13 


Random polypropylene/copolymer of Example 3 (20/6) 


29 


39 


Example 14 


Random polypropylene/copolymer of Example 4 (20/3) 


27 


46 


Example 15 


Random polypropylene/copolymer of Example 4 (20/6) 


28 


46 


Example 16 


Random polypropylene/copolymer of Example 5 (20/6) 


27 


48 


Example 17 


Random polypropylene/copolymer of Example 6 (20/6) 


23 


48 


Example 18 


Random polypropylene/copolymer of Example 7 (20/6) 


26 


43 


Example 19 


Random polypropylene/copolymer of Example 8 (20/6) 


27 


46 



(Comparative Examples 1 to 3) 



50 



55 



[0068] A kneaded product comprising only random polypropylene, a composition comprising random polypropylene 
and butyl rubber (Butyl 065 manufactured by Japan Butyl Co., Ltd., Mn 1 30,000) at a ratio of 20 g/3 g, and a composition 
comprising random polypropylene and polyisobutylene (having allyl groups at both ends, Mn 45,000) at a ratio of 20 
g/3 g were prepared by the same procedures as in Examples 9 and 10. The turbidities (haze) of press sheets were 
31%, 47%, and 42%, respectively, and the hardnesses were 58, 50, and 43, respectively. The results are shown in 
Table 6. 



10 



EP 1 571 166 A1 



Table 6 





Composition (g/g) 


Hz (%) 


Hardness 


Comp. Example 1 


Random polypropylene (20) 


31 


58 


Comp. Example 2 


Random polypropylene/butyl rubber (20/3) 


47 


50 


Comp. Example 3 


Random polypropylene/polyisobutylene (20/3) 


42 


43 



Industrial Applicability 

[0069] As described above, it is found that living cationic polymerization of monomers mainly comprising isobutylene 
in the presence of a vinylidene-terminated polyolefin macromonomer produces a polyisobutylene-polyolefin copolymer 
having a relatively low molecular weight distribution. It is also found that a transparent soft polypropylene composition 
can be obtained by adding the polyisobutylene-polyolefin copolymer to a commercially available polypropylene or 
propylene copolymer. 

[0070] These materials are expected to have impulsive vibration absorption and gas-liquid barrier properties, and 
are obviously suitable as substitutes for soft vinyl chloride. 



Claims 

1. A polyisobutylene-polyolefin copolymer produced by cationic polymerization in the presence of a vinylidene-ter- 
minated polyolefin macromonomer to produce a polymer segment mainly composed of isobutylene. 

2. The polyisobutylene-polyolefin copolymer according to claim 1 , wherein the cationic polymerization is living cationic 
polymerization. 

3. The polyisobutylene-polyolefin copolymer according to claim 1 or 2, wherein the vinylidene-terminated polyolefin 
macromonomer is a vinylidene-terminated polypropylene macromonomer. 

4. A composition comprising the polyisobutylene-polyolefin copolymer according to any one of claims 1 to 3 and a 
polyolefin resin. 

5. The composition according to claim 4, wherein the polyolefin resin is polypropylene, a propylene copolymer, or a 
mixture thereof. 

6. A process for producing a polyisobutylene-polyolefin copolymer, comprising performing cationic polymerization in 
the presence of a vinylidene-terminated polyolefin macromonomer to produce a polymer segment mainly com- 
posed of isobutylene. 

7. The process according to claim 6, wherein the cationic polymerization is living cationic polymerization. 

8. The process according to claim 6 or 7, wherein the vinylidene-terminated polyolefin macromonomer is a vinylidene- 
terminated polypropylene macromonomer. 
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